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1
CAN-BUS-BASED ELECTRICAL CONTROL
SYSTEM FOR ELECTRIC MOWER

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation application of interna-
tional application No. PCT/CN2023/070745, filed on Jan. 5,
2023, which claims priority to Chinese Patent Application
No. 202210766934.0, filed on Jul. 1, 2022, the disclosures of
which are herein incorporated by reference in their entire-
ties.

TECHNICAL FIELD

The disclosure relates to an electrical control system for
a zero-turning-radius pure electric riding mower, and par-
ticularly relates to a controller area network (CAN)-bus-
based electrical control system for an electric mower.

BACKGROUND

Mowers, a type of garden tool, have been widely used in
the field of lawn and vegetation trimming. Existing mowers
are typically divided into hand-held mowers and riding
mowers, and are primarily categorized as electric mowers
and fuel-operated mowers according to their energy sys-
tems. However, the existing mowers are inferior in terms of
mowing capacity, mowing efficiency, range time, mowing
area, offline application scenarios, etc., and are low in
overall degree of electrification and intelligence. With a
large number of electronic devices used in the electric
mower as well as the technical demand generated for more
versatile, more intelligent and unmanned mowers in the
future, various control units of the electric mower need to
collect, analyze, process and interactively feedback a large
amount of information. At present, the existing product
technology on the market cannot satisfy interaction of a
large amount of information of the electric mower, the future
demand for intelligence. Thus, how to provide a CAN-bus-
based electrical control system for an electric mower has
become a long-term technical target of those skilled in the
art.

SUMMARY

In order to overcome some issues in the related art, the
disclosure provides a controller area network (CAN)-bus-
based electrical control system for an electric mower. In the
CAN-bus-based electrical control system, after address dis-
tribution is performed on each control module, signals are
processed and transmitted after collected, received, and
analyzed by a CAN bus so that the problem of low degrees
of informatization and intelligence of existing mowers can
be effectively solved.

In order to achieve the above objective of the disclosure,
the disclosure uses the following technical solution:

A CAN-bus-based electrical control system for an electric
mower includes an energy source control module, an
instrument display module, a traveling control module,
a mowing control module, a sensor module, a high-
speed CAN bus and a low-speed CAN bus, where the
energy source control module is connected to the
sensor module, the instrument display module, the
mowing control module and the traveling control mod-
ule respectively by the high-speed CAN bus, so that
communication of the energy source control module
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with the sensor module, the instrument display module,
the mowing control module and the traveling control
module is implemented; a master controller and a slave
controller of the energy source control module are in
communication by the low-speed CAN bus, so that
communication between the master controller and
slave controller is implemented;

the energy source control module provides final drive

energy and stores feedback energy of an electric
mower;

the instrument display module displays a system opera-

tion state and fault key information of the electric
mower, and gives an alarm;
the traveling control module includes a plurality of sub-
modules, to implement signal processing and drive
control over a traveling motor of the electric mower;

the mowing control module includes a plurality of sub-
modules, to implement signal processing and drive
control over a mowing motor;
the sensor module collects signals in forms of a hardwire
signal, a switch signal, a voltage signal and a pulse
signal, and performs state interaction by the high-speed
CAN bus; and

a logic threshold-based control mode is used between the
energy source control module and the instrument dis-
play module, the traveling control module, the mowing
control module and the sensor module, and for pro-
cessing of a motor signal, a safety switch signal, a
battery signal, a braking signal and a control device
signal, the signals are encapsulated, transmitted, ana-
lyzed and expressed by a CAN protocol packet, so that
identification of a traveling state and a mowing state of
the mower and control over fault diagnosis and alarm-
ing are implemented.

In the CAN-bus-based electrical control system for an
electric mower, the energy source control module includes
functions of battery state monitoring, battery state analysis,
switch control, energy management, battery safety protec-
tion, CAN communication management and charge man-
agement, and the energy source control module performs
battery state analysis by monitoring a voltage of a battery
cell, a total voltage of a battery, a charge-discharge current,
a temperature of the battery and a signal, performs switch
control according to a requirement of a control policy, to
implement charge-discharge control management of the
battery, and performs real-time battery fault diagnosis and
processing in a charge-discharge process.

In the CAN-bus-based electrical control system for an
electric mower, the function of battery state monitoring
includes battery cell voltage monitoring, total voltage moni-
toring, current monitoring, temperature monitoring and sig-
nal monitoring; the function of battery state analysis
includes battery state of charge (SOC) estimation, battery
state of health (SOH) estimation and battery state of power
(SOP) estimation, where an SOC is a current remaining
electric quantity value of the battery, an SOH is a current
health state value of the battery, and an SOP is estimated
power of the battery; the function of switch control includes
control over a charge-discharge relay or a metal-oxide-
semiconductor (MOS) field-effect transistor, and a heating
relay; the function of energy management includes battery
charge-discharge control management and balance func-
tions; the function of battery safety protection includes
battery fault diagnosis and processing and loop interlock
function detection; the function of CAN communication
management includes CAN communication, diagnosis, cali-
bration and program update of the electric mower; and the
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function of charge management includes communication
between and monitoring of a charging process between the
battery and a charger.

In the CAN-bus-based electrical control system for an
electric mower, the instrument display module includes
functions of CAN communication management, central
information processing, fault alarming and information dis-
play, the instrument display module analyzes and displays
key information of the electric mower, first, CAN bus
information is collected and analyzed by a function of
high-speed CAN communication management, valid infor-
mation is analyzed and amplified according to CAN protocol
provisions and then transmitted to a microcontroller unit,
and after central information analysis, an instrument display
screen is driven to display information of an accumulated
mileage, an electric quantity, a fault code, a braking state, a
driving speed state, and a mowing speed state, and at the
same time voice alarming is driven in real time according to
logic determination.

In the CAN-bus-based electrical control system for an
electric mower, the function of CAN communication man-
agement is to collect the CAN bus information, analyze and
amplify the CAN bus information and transmit the CAN bus
information to the microcontroller unit; the function of
central information processing is configured to analyze a
signal and drive the instrument display screen and voice
alarming; and the information display is to display CAN bus
analysis information by a display screen module, and dis-
played information includes the accumulated mileage, the
electric quantity, the fault code, the braking state, the driving
speed state, and the mowing speed state.

In the CAN-bus-based electrical control system for an
electric mower, the traveling control module includes a left
traveling control sub-module and a right traveling control
sub-module, and the two traveling control sub-modules
respectively control operation of two motors to achieve
traveling and differential steering of the electric mower.

In the CAN-bus-based electrical control system for an
electric mower, each of the traveling control sub-modules
includes functions of power source conversion, signal col-
lection, CAN communication management, motor control,
motor enable management and fault monitoring analysis,
where the function of power source conversion includes
converting a high-voltage direct-current power source into a
low-voltage direct-current power source for internal use by
the traveling control module and external output, and main-
taining a stable and reliable voltage output; the function of
signal collection includes collection and conversion of sig-
nals from a motor Hall position sensor, a seat sensor, a
control handle sensor, and an enable switch; the function of
CAN communication management is configured for travel-
ing control and includes functions of CAN communication,
diagnosis, calibration, and program update of the electric
mower and electric mower state message interaction; the
function of motor control includes motor phase change
control, and speed loop and current loop closed-loop con-
trol; the function of motor enable management is to deter-
mine a safety condition of motor driving by a safety analysis
control module; and the function of fault monitoring analy-
sis is a fault monitoring analysis function.

In the CAN-bus-based electrical control system for an
electric mower, the mowing control module includes a left
mowing control sub-module and a right mowing control
sub-module, and the two mowing control sub-modules
respectively control driving of two mowing motors to imple-
ment an output function of an electric mower and a tool.
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In the CAN-bus-based electrical control system for an
electric mower, each of the mowing control sub-modules
includes functions of power source conversion, signal col-
lection, CAN communication management, motor control,
motor enable management and fault monitoring analysis,
where the function of power source conversion includes
converting a high-voltage direct-current power source into a
low-voltage direct-current power source for internal use by
the mowing control module and external output, and main-
taining a stable and reliable voltage output; the function of
signal collection includes collection and conversion of sig-
nals from a seat sensor, a control handle sensor, and an
enable switch; the function of CAN communication man-
agement is configured for motor control and includes func-
tions of CAN communication, diagnosis, calibration, and
program update of the electric mower and electric mower
state message interaction; the function of motor control
includes motor phase change control, and speed loop and
current loop closed-loop control; the function of motor
enable management is to determine a safety condition of
motor driving by a safety analysis control module; and the
function of fault monitoring analysis is a fault monitoring
analysis function.

In the CAN-bus-based electrical control system for an
electric mower, the sensor module includes a seat state
sensor, a motor Hall sensor, a braking state sensor, a driving
angle sensor, a Hall sensor, a handle enable sensor, a charge
state sensor, a traveling speed state control switch and a
plurality of enable switches, where the seat state sensor is
configured to detect whether a driver is present in a seat, the
braking state sensor is configured to detect whether the
electric mower is in a braking and parking state, the charge
state sensor is configured to detect whether the electric
mower is being charged, the handle enable sensor is con-
figured to detect whether a handle is controlled effectively,
and serves as a safety device, and the signals provide
conditions for safety determination, so that a traveling
controller and a mowing controller determine whether the
electric mower is operable; the motor Hall sensor is config-
ured to monitor rotating speeds of a left traveling motor and
a right traveling motor, and a control handle angle sensor
converts a mechanical stroke of a control handle into an
electric angle for a traveling motor controller to control an
electric mower speed; and the traveling speed state control
switch, a mowing speed state control switch and a light
switch are configured to provide input command signals for
determining an electric mower state, and the signals are
finally communicated to other control modules by the high-
speed CAN bus.

By using the above technical solution, the disclosure has
the following advantages:

According to the disclosure, based on CAN bus technol-
ogy design, all control modules in an electrical system
of the electric mower implement signal collection,
reception, analysis, processing and transmission by a
CAN module and an interface of the CAN module to
improve information processing efficiency of the elec-
tric mower. An intelligent boundary of the electric
mower is expanded by a topological structure of a CAN
bus, and a development platform is provided for infor-
mation-based precise control of the mower. Further, the
CAN-bus-based electrical control system for an electric
mower of the present disclosure has the advantages of
a short development cycle, low development cost, and
high degree of platformization as well as high degree of
informatization and intelligence of development of the
electric mower, which solves the problem of low
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degrees of informatization and intelligence of existing
mowers, and provides an electrical control technical
platform for development of mower derivatives, and
the electrical control system is suitable for large-scale
popularization and application.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram of a topological structure of a bus of
a controller area network (CAN)-bus-based electrical con-
trol system for an electric mower according to the present
disclosure;

FIG. 2 is an electrical architecture diagram of an electric
mower according to the present disclosure;

FIG. 3 is an electric mower, schematically illustrating
electric components of the electric mower according to the
present disclosure;

FIG. 4 is a block diagram of information flow transfer
according to the present disclosure;

FIG. 5 is a topological architecture and functional archi-
tecture diagram of an energy source control module accord-
ing to the present disclosure;

FIG. 6 is a functional architecture diagram of an instru-
ment display module according to the present disclosure;

FIG. 7 is an instrument interface distribution diagram
according to the present disclosure;

FIG. 8 is a functional architecture diagram of a traveling
control module according to the present disclosure;

FIG. 9 is a functional architecture diagram of a mowing
control module according to the present disclosure; and

FIG. 10 is a functional architecture diagram of a sensor
module according to the present disclosure.

DETAILED DESCRIPTION

The present disclosure may be explained in more detail by
the following embodiments, to which the disclosure is not
limited.

Referring to FIG. 1 and FIG. 2, a controller area network
(CAN)-bus-based electrical control system for an electric
mower 10 includes an energy source control module 12, an
instrument display module 14, a traveling control module
16, a mowing control module 18, a sensor module 20, a
high-speed CAN bus and a low-speed CAN bus. The energy
source control module 12 is connected to the sensor module
20, the instrument display module 14, the mowing control
module 18 and the traveling control module 16, respectively
by the high-speed CAN bus, so that communication of the
energy source control module 12 with the sensor module 20,
the instrument display module 14, the mowing control
module 18 and the traveling control module 16 is imple-
mented. A master controller and a slave controller of the
energy source control module are in communication by the
low-speed CAN bus, so that communication between the
master controller and slave controller is implemented. The
master controller is responsible for signal acquisition, deci-
sion-making of control strategy and execution of instruc-
tions. The slave controller is responsible for signal acquisi-
tion and execution of instructions issued by the master. The
master and slave controllers communicate through the bus,
and the slave controller executes the instructions of the
master controller.

The energy source control module 12 is configured to
provide final drive energy and stores feedback energy of an
electric mower.
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The instrument display module 14 is configured to display
a system operation state and fault key information of the
electric mower, and gives an alarm.

The traveling control module includes a plurality of
control sub-modules, to implement signal processing and
drive control over a traveling motor of the electric mower.

The mowing control module 18 includes a plurality of
control sub-modules, and is configured to implement signal
processing and drive control over a mowing motor.

The sensor module 20 is configured to collect signals in
forms of a hardwire signal, a switch signal, a voltage signal
and a pulse signal, and perform state interaction by the
high-speed CAN bus.

A logic threshold-based control mode is used among the
energy source control module 12 and the instrument display
module 14, the traveling control module 16, the mowing
control module 18 and the sensor module 20 for processing
of' a motor signal, a safety switch signal, a battery signal, a
braking signal and a control device signal. The signals are
encapsulated, transmitted, analyzed and expressed by a
CAN protocol packet to implement identification of a trav-
eling state and a mowing state of the mower, and control
over fault diagnosis and alarming. The energy source control
module 12 includes functions of battery state monitoring,
battery state analysis, switch control, energy management,
battery safety protection, CAN communication management
and charge management. The energy source control module
12 is configured to perform battery state analysis by moni-
toring a voltage of a battery cell, a total voltage of a battery,
a charge-discharge current, a temperature of the battery and
a signal, perform switch control according to a requirement
of a control policy to implement charge-discharge control
management of the battery, and perform real-time battery
fault diagnosis and processing in a charge-discharge process.
The function of battery state monitoring includes battery cell
voltage monitoring, total voltage monitoring, current moni-
toring, temperature monitoring and signal monitoring. The
function of battery state analysis includes battery state of
charge (SOC) estimation, battery state of health (SOH)
estimation and battery state of power (SOP) estimation,
where an SOC is a current remaining electric quantity value
of the battery, an SOH is a current health state value of the
battery, and an SOP is estimated power of the battery. The
function of switch control includes control over a charge-
discharge relay or a metal-oxide-semiconductor (MOS)
field-effect transistor, and a heating relay. The function of
energy management includes battery charge-discharge con-
trol management and balance functions. The function of
battery safety protection includes battery fault diagnosis and
processing and loop interlock function detection. The func-
tion of CAN communication management includes CAN
communication, diagnosis, calibration and program update
of the electric mower. The function of charge management
includes communication between and monitoring of a charg-
ing process between the battery and a charger.

The instrument display module 14 includes functions of
CAN communication management, central information pro-
cessing, fault alarming and information display. The instru-
ment display module 14 analyzes and displays key infor-
mation of the electric mower. First, CAN bus information is
collected and analyzed by a function of high-speed CAN
communication management. Valid information is analyzed
and amplified according to CAN protocol provisions and
then transmitted to the microcontroller unit. After central
information analysis, an instrument display screen is driven
to display information of an accumulated mileage, an elec-
tric quantity, a fault code, a braking state, a driving speed
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state, and a mowing speed state, and at the same time, voice
alarm is driven in real time according to logic determination.
The function of CAN communication management is to
collect the CAN bus information, analyze and amplify the
CAN bus information and transmit the CAN bus information
to the microcontroller unit. The function of central informa-
tion processing is configured to analyze a signal and drive
the instrument display screen and voice alarming. The
information display is to display CAN bus analysis infor-
mation by a display screen module. Displayed information
includes the accumulated mileage, the electric quantity, the
fault code, the braking state, the driving speed state, and the
mowing speed state.

As shown in FIG. 2, the traveling control module 16
includes a left traveling control sub-module 22 and a right
traveling control sub-module 24, and the two traveling
control sub-modules respectively control operation of two
motors to achieve traveling and differential steering of the
electric mower. Each of the traveling control sub-modules
includes functions of power source conversion, signal col-
lection, CAN communication management, motor control,
motor enable management and fault monitoring analysis.
The function of power source conversion includes convert-
ing a high-voltage direct-current power source into a low-
voltage direct-current power source for internal use by the
traveling control module 16 and external output, and main-
taining a stable and reliable voltage output. The function of
signal collection includes collection and conversion of sig-
nals from a motor Hall position sensor, a seat sensor, a
control handle sensor, an enable switch, etc. The function of
CAN communication management is configured for travel-
ing control and includes functions of CAN communication,
diagnosis, calibration, and program update of the electric
mower and electric mower state message interaction. The
function of motor control includes motor phase change
control, and speed loop and current loop closed-loop control.
The function of motor enable management is to determine a
safety condition of motor driving by a safety analysis control
module. The function of fault monitoring analysis is a fault
monitoring analysis function.

During implementation, traveling control is mainly imple-
mented by a left traveling motor controller, a right traveling
motor controller and a traveling motor. It is noted that in
some embodiment, the left travelling motor controller and
the left travelling control sub-module are used interchange-
ably; and the right travelling motor controller and the right
travelling control sub-module are used interchangeably.
Specifically, the control sub-module or the controllers con-
vert a high-voltage direct-current power source of a battery
pack into a low-voltage direct-current power source used in
the traveling control module by an internal power source
conversion module, and outputs the stable and reliable
low-voltage direct-current regulated power source used by
the sensor to the outside. Moreover, a series of signals of the
motor Hall position sensor, the seat sensor, the control
handle sensor and the enable switch sensor are collected and
converted into signals available for a main control chip. The
signals are processed by an internal circuit. According to an
established policy and in combination with enabling infor-
mation obtained by the high-speed CAN bus, traveling drive
is determined. In response to determining that a fault is
discovered or safety condition is not satisfied, the fault is
reported by the high-speed CAN bus, and drive is stopped.
In response to determining that no fault is discovered and
drive requirements are satisfied, motor phase change control
is performed by an H bridge, and a speed loop and a current
loop are provided for closed-loop control to drive the left
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motor and right motor. Steering of the electric mower is
implemented by controlling speeds of the left motor and the
right motor by the controllers or control sub-modules, to
achieve a speed difference and differential steering. A high-
speed CAN bus function can also include functions of online
diagnosis, online calibration, control program update, etc.

The mowing control module 18 includes a left mowing
control sub-module and a right mowing control sub-module,
and the two mowing control sub-modules respectively con-
trol driving of two mowing motors to implement an output
function of an electric mower and a tool.

Each of the mowing control sub-modules includes func-
tions of power source conversion, signal collection, CAN
communication management, motor control, motor enable
management and fault monitoring analysis. The function of
power source conversion includes converting a high-voltage
direct-current power source into a low-voltage direct-current
power source for internal use by the mowing control module
and external output, and maintaining a stable and reliable
voltage output. The function of signal collection includes
collection and conversion of signals from a seat sensor, a
control handle sensor, and an enable switch. The function of
CAN communication management is configured for motor
control and includes functions of CAN communication,
diagnosis, calibration, and program update of the electric
mower and electric mower state message interaction. The
function of motor control includes motor phase change
control, and speed loop and current loop closed-loop control.
The function of motor enable management is to determine a
safety condition of motor driving by a safety analysis control
module. The function of fault monitoring analysis is a fault
monitoring analysis function.

During implementation, mowing control is mainly imple-
mented by a left mowing motor controller (e.g., a left
mowing control sub-module), a right mowing motor con-
troller (e.g., a right mowing control sub-module), a mowing
motor and a tool. It is noted that, in some embodiments, the
left mowing motor controller and the left mowing control
sub-module are used interchangeably, and the right mowing
motor controller and the right mowing control sub-module
are used interchangeably. Specifically, the controller con-
verts a high-voltage direct-current power source of a battery
pack into a low-voltage direct-current power source used in
the mowing control module by an internal power source
conversion module. Moreover, signals of the seat sensor, the
enable switch sensor, etc. are collected and converted into
signals available for the main control chip. The signals are
processed by an internal circuit. According to an established
policy and in combination with enabling information
obtained by the high-speed CAN bus, mowing power is
output at two constant speeds of a high speed and a low
speed. In a process, each controller or control module
analyzes and determines fault and enabling conditions. In
response to determining that a fault is discovered or safety
condition is not satisfied, the fault is reported by the high-
speed CAN bus, and drive is stopped. In response to
determining that no fault is discovered and drive require-
ments are satisfied, the motor is controlled to implement
mowing drive. The high-speed CAN bus function can also
include functions of online diagnosis, online calibration,
control program update, etc.

The sensor module includes a seat state sensor, a motor
Hall sensor, a braking state sensor, a driving angle sensor, a
control handle angle sensor, a Hall sensor, a handle enable
sensor, a charge state sensor, a traveling speed state control
switch and a plurality of enable switches. The seat state
sensor is configured to detect whether a driver is present in
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a seat. The braking state sensor is configured to detect
whether the electric mower is in a braking and parking state.
The charge state sensor is configured to detect whether the
electric mower is being charged. The handle enable sensor
is configured to detect whether a handle is controlled effec-
tively, and serves as a safety device. The above-mentioned
signals provide conditions for safety determination, so that
a traveling controller and a mowing controller determine
whether the electric mower is operable. The motor Hall
sensor is configured to monitor rotating speeds of a left
traveling motor and a right traveling motor, and a control
handle angle sensor converts a mechanical stroke of a
control handle into a voltage analog quantity for a traveling
motor controller to control an electric mower speed. The
traveling speed state control switch, a mowing speed state
control switch and a light switch are configured to provide
input command signals for determining an electric mower
state, and the signals are finally communicated to other
control modules by the high-speed CAN bus.

During specific implementation, the high-speed CAN bus
has a speed of 500 kbps, and the low-speed CAN bus has a
speed of 250 kbps. As shown in FIG. 1 to FIG. 2, system
control nodes include an energy source control module 12,
an instrument display module 14, a traveling control module
16, a mowing control module 18 and sensor modules 20
distributed at all monitoring points for collecting signals.
FIG. 3 shows an electric mower 10, and schematically
illustrates the positions of a seat sensor, a charging base
sensor, a battery system, a traveling motor, a control panel,
a mowing motor, a braking sensor, a speed control sensing
mechanism, an instrument, a traveling motor controller, and
a mowing motor controller are positioned on the electric
mower 100.

Further, the present disclosure provides a manner using a
logic gate (logic threshold-based control) for processing a
motor signal, a safety switch signal, a battery signal, a
braking signal and a control device signal in the electrical
system. The signals are encapsulated, transmitted, analyzed
and expressed by a CAN protocol packet, so that signal
transmission, interaction and action of each control module
with the display module are implemented, and functions of
identification of a traveling state and a mowing state of the
mower and control over fault diagnosis and alarming are
implemented. FIG. 4 shows energy transmission, signal
transmission and bus information flow transmission of the
electric mower 10 of the present disclosure. In some
embodiments, the battery pack and a battery management
system serve as the energy source control module, provide
a final energy source for driving a controller module com-
posed of the traveling control module and the mowing
control module through a power distribution unit, and also
provide an auxiliary power source for electric heating appa-
ratus such as instruments through conversion of a direct-
current (DC)/DC transformer. The sensor modules are con-
figured to collect and monitor state information of all
monitoring points of the electric mower. The instrument
display module displays the state information of the electric
mower to implement human-computer interaction. All mod-
ules communicate with each other by the high-speed CAN
bus. Moreover, the energy management module achieves
communication between the master controller and the slave
controller by the low-speed CAN bus to implement collec-
tion and calculation of battery state information.

As shown in FIG. 4, the charger has a CAN bus commu-
nication function, and converts 100 VAC-240 VAC (50
Hz-60 Hz) alternating-current mains power into 48 V plat-
form direct-current power to implement a charge function.
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DC/DC converts the 48 V direct current of the battery pack
into the 12 V direct current to supply power to sensors,
lights, instruments and other electrical appliances. An aux-
iliary apparatus may be connected to the DC/DC to supply
the power to lights, instruments and other accessories and
other control system. The power distribution circuit achieves
electrical connection between modules and implement dis-
tribution and circulation of energy.

Further, in some embodiments, a high-speed CAN bus
network with a speed of 500 Kb/s, and a low-speed CAN bus
network with a speed of 250 Kb/s may be used. Alterna-
tively, other speeds may also be used as the data transmis-
sion speeds in the solution according to analysis and calcu-
lation of the transmission amount and a load rate of
information data of the bus. The energy system of the
present disclosure provides 48 V platform high-voltage
direct-current power source, and uses 12 V platform low-
voltage direct-current power source. Alternatively, other
high-voltage platforms and low-voltage platforms may also
complete an electrical architecture of the electric mower
under the condition that drive requirements of the electric
mower can be satisfied.

FIG. 5 shows the functions of battery state monitoring,
battery state analysis, switch control, energy management,
battery safety protection, CAN communication manage-
ment, and charge management. Implementation of the above
functions depends on the battery management system
(BMYS) in the module. The SOC, the SOH, the SOP, etc. of
the battery are analyzed by monitoring a voltage of a battery
cell, a total voltage of a battery, a charge-discharge current,
a battery temperature and other signals, and the charge-
discharge relay or MOS field-effect transistor is controlled in
combination with an established safety protection policy, so
that charge-discharge management is implemented, charge
management is performed with the charger, a power source
is provided for the traveling control module and the mowing
control module. In the entire process, the CAN communi-
cation management module of the management system
interacts and feeds back information with other modules of
the electric mower by the high-speed CAN bus, and achieves
communication between the master controller and the slave
controller by the low-speed CAN bus.

An SOC is a current remaining electric quantity value of
the battery, an SOH is a current health state value of the
battery, and an SOP is estimated power of the battery. The
function of CAN communication management includes
functions of CAN communication, diagnosis, calibration,
program update, etc. of the electric mower. The function of
charge management includes monitoring and control of
communication between the battery and the charger and the
charge process.

Further, the instrument display module 14 in the solution
includes functions of CAN communication management,
central information processing, fault alarming and informa-
tion display. A functional architecture is shown in FIG. 6.
The function of CAN communication management is to
collect CAN bus information, analyze and amplify the CAN
bus information and transmit the CAN bus information to
the microcontroller unit. The microcontroller unit is config-
ured to analyze the signals and drive the instrument display
screen and voice alarming. The fault alarming is a sound
alarming function. The information display is configured to
display CAN bus analysis information in images by the
display screen module.

Instrument interface distribution is shown in FIG. 7. The
instrument interface include display regions that display
various of information such as an accumulated mileage,
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electric quantity (digital display or image display), fault
information, braking state, driving speed state, mowing
speed state.

Further, as shown in FIG. 8, the traveling control module
16 includes two independent traveling drive control systems,
that is, a left traveling control sub-module 22 and a right
traveling control sub-module 24. Each control module
includes functions of power source conversion, sensor signal
management (e.g., signal collection), CAN communication
management, motor control (e.g., brushless direct-current
motor control), motor enabling analysis, fault monitoring
analysis, etc. According to the established policy, the control
system converts electrical energy in the energy system into
mechanical energy for driving to implement output of elec-
tric mower traveling.

The function of power source conversion is to convert a
48 V direct-current power source into a 12 V direct-current
power source for internal use by the traveling control
module and external output, and maintaining a stable and
reliable voltage output; the function of signal collection
includes collection and conversion of signals from a motor
Hall position sensor, a seat sensor, a control handle sensor,
an enable switch sensor, etc.; the function of CAN commu-
nication management is configured for traveling control and
includes functions of CAN communication, diagnosis, cali-
bration, and program update of the electric mower and
electric mower state message interaction determination; the
function of motor control includes motor phase change
control, and speed loop and current loop closed-loop con-
trol; the function of motor enable management is to deter-
mine a safety condition of motor driving by a safety analysis
control module; and the function of fault monitoring analy-
sis is a fault monitoring analysis function.

Further, as shown in FIG. 9, the mowing control module
18 includes two independent mowing drive control systems,
that is, a left mowing control sub-module 26 and a right
mowing control sub-module 28. Fach control module
includes functions of power source conversion, sensor signal
management (e.g., signal collection), CAN communication
management, motor control (e.g., brushless direct-current
motor control), motor enabling analysis, fault monitoring
analysis, etc. According to the established policy, the control
system converts electrical energy in the energy system into
mechanical energy for rotation of the tool, to implement
power output of mowing labor.

The function of power source conversion is to convert a
48 V direct-current power source into a 12 V direct-current
power source for internal use by the mowing control module
and external output, and maintaining a stable and reliable
voltage output; the function of signal collection includes
collection and conversion of signals from a seat sensor, an
enable switch sensor, etc.; the function of CAN communi-
cation management includes functions of CAN communi-
cation, diagnosis, calibration, and program update of the
electric mower and electric mower state message interaction
for mowing control determination; the function of motor
control includes motor phase change control, and speed loop
and current loop closed-loop control; the function of motor
enable management is to determine a safety condition of
motor driving by a safety analysis control module; and the
function of fault monitoring analysis is a fault monitoring
analysis function.

Further, the sensor module 20 is as shown in FIG. 10. The
seat state sensor is configured to detect whether a driver is
present in the seat, and a collected signal is a switching
value. The braking state sensor is configured to detect
whether the electric mower is in a braking and parking state,
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and a collected signal is a switching value. The charging
state sensor is configured to detect whether the electric
mower is being charged, and a collected signal is a switching
value. The handle enable sensor is configured to detect
whether the handle is controlled effectively, and a collected
signal is a switching value. The signals serve as conditions
for safety determination, and are provided for the traveling
controller and the mowing controller to determine whether
the electric mower is operable. The motor Hall sensor is
configured to monitor rotating speeds of the left traveling
motor and the right traveling motor, and a collected signal is
an analog signal. The control handle angle sensor converts
the mechanical stroke of the control handle into a voltage
analog quantity for the traveling motor controller to control
the electric mower speed. The traveling speed state control
switch, the mowing speed state control switch, the light
switch, etc. are configured to provide input command signals
for determining an electric mower state.

The controller area network (CAN)-bus-based electrical
control system for an electric mower of the present disclo-
sure achieves information interaction of the traveling motor
controller, the mowing motor controller, the energy system
controller, the sensor and the display controller unit through
several CAN modules and other interfaces, and improves
control precision, reliability and information processing
efficiency of the electric mower of the electric mower, etc.
The disclosure has the functions of CAN online monitoring,
online diagnosis, online calibration, program updating, etc.
The topological structure of the CAN bus expands the
intelligent boundary of the electric mower. Moreover, the
advantages of a short development cycle, low development
cost, and high degrees of platformization, informatization
and intelligence of development of the electric mower are
achieved, the problem of low degrees of intelligence and
informatization of existing mowers is solved, and an elec-
trical control technical platform for development of mower
derivatives is provided.

The parts of the disclosure not detailed are those in the
prior art.

The embodiments selected herein for the purpose of
disclosing the disclosure are presently considered to be
suitable, but it should be understood that the disclosure is
intended to include all variations and modifications of the
embodiments that fall within the spirit and scope of the
disclosure.

What is claimed is:

1. A controller area network (CAN)-bus-based electrical
control system for an electric mower, comprising: an energy
source control module, an instrument display module, a
traveling control module, a mowing control module, a
sensor module, a high-speed CAN bus and a low-speed
CAN bus, wherein the energy source control module is
connected to the sensor module, the instrument display
module, the mowing control module and the traveling con-
trol module respectively by the high-speed CAN bus, so that
communication of the energy source control module with
the sensor module, the instrument display module, the
mowing control module and the traveling control module is
implemented; a master controller and a slave controller of
the energy source control module are in communication by
the low-speed CAN bus, so that communication between the
master controller and slave controller is implemented;

wherein the energy source control module provides final

drive energy and stores feedback energy of the electric
mower;
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the instrument display module displays a system opera-

tion state and fault key information of the electric
mower, and issues an alarm;

the traveling control module comprises a left traveling

control sub-module and a right traveling control sub-
module, and the two traveling control sub-modules
respectively control operation of a left traveling motor
and a right traveling motor to achieve traveling and
differential steering of the electric mower; each of the
traveling control sub-modules comprises functions of
power source conversion, signal collection, CAN com-
munication management, motor control, motor enable
management and fault monitoring analysis; the func-
tion of power source conversion comprises converting
a high-voltage direct-current power source into a low-
voltage direct-current power source for internal use by
the traveling control module and external output, and
maintaining a stable and reliable voltage output; the
function of signal collection comprises collection and
conversion of signals from a travelling motor Hall
position sensor, a seat state sensor, a control handle
angle sensor, and an enable switch; the function of
CAN communication management is configured for
traveling control and comprises functions of CAN
communication, diagnosis, calibration, and program
update of the electric mower and electric mower state
message interaction; the function of motor control
comprises motor phase change control, and speed loop
and current loop closed-loop control; the function of
motor enable management is to determine a safety
condition of motor driving by a safety analysis control
module; and the function of fault monitoring analysis
has a fault monitoring analysis function;

the mowing control module comprises a plurality of

sub-modules to implement signal processing and drive
control over a mowing motor;

the sensor module collects signals in forms of a hardwire

signal, a switch signal, a voltage signal and a pulse
signal, and performs state interaction by the high-speed
CAN bus;

wherein the sensor module comprises the control handle

angle sensor, the travelling motor Hall sensor, the seat
state sensor, a braking state sensor, a charge state
sensor, a handle enable sensor, a traveling speed state
control switch, a mowing speed state control switch,
and a light switch; wherein the seat state sensor is
configured to detect whether a driver is present in a
seat, the braking state sensor is configured to detect
whether the electric mower is in a braking and parking
state; the charge state sensor is configured to detect
whether the electric mower is being charged; the handle
enable sensor is configured to detect whether a handle
is controlled effectively; wherein the seat state sensor,
the braking state sensor, the charge state sensor, and
handle enable sensor serve as safety devices, and the
signals of the seat state sensor, the braking state sensor,
the charge state sensor, and the handle enable sensor
provide conditions for safety determination, so that a
controller of the traveling motors and a controller of the
mowing motor determine whether the electric mower is
operable; the travelling motor Hall sensor is configured
to monitor rotating speeds of the left traveling motor
and the right traveling motor, and the control handle
angle sensor converts a mechanical stroke of a control
handle into a voltage analog quantity for a traveling
motor controller to control an electric mower speed; the
traveling speed state control switch and the mowing
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speed state control switch are configured to provide
input command signals for determining an electric
mower state; the signals collected by the control handle
angle sensor, the travelling motor Hall sensor, the seat
state sensor, the braking state sensor, the charge state
sensor, the handle enable sensor, the traveling speed
state control switch, a mowing speed state control
switch, and the light switch are converted and complied
by a controller of the sensor module, and are commu-
nicated via the high-speed CAN bus; and

a logic threshold-based control mode is used between the

energy source control module and the instrument dis-
play module, the traveling control module, the mowing
control module and the sensor module, and for pro-
cessing of a motor signal, a safety switch signal, a
battery signal, a braking signal and a control device
signal, the signals are encapsulated, transmitted, ana-
lyzed and expressed by a CAN protocol packet, so that
identification of a traveling state and a mowing state of
the mower and control over fault diagnosis and alarm-
ing are implemented.

2. The CAN-bus-based electrical control system for an
electric mower according to claim 1, wherein the energy
source control module comprises functions of battery state
monitoring, battery state analysis, switch control, energy
management, battery safety protection, CAN communica-
tion management and charge management, and the energy
source control module performs battery state analysis by
monitoring a voltage of a battery cell, a total voltage of a
battery, a charge-discharge current, a temperature of the
battery and a signal, performs switch control according to a
requirement of a control policy, to implement charge-dis-
charge control management of the battery, and performs
real-time battery fault diagnosis and processing in a charge-
discharge process.

3. The CAN-bus-based electrical control system for an
electric mower according to claim 2, wherein the function of
battery state monitoring comprises battery cell voltage
monitoring, total voltage monitoring, current monitoring,
temperature monitoring and signal monitoring; the function
of battery state analysis comprises battery state of charge
(SOC) estimation, battery state of health (SOH) estimation
and battery state of power (SOP) estimation, wherein an
SOC is a current remaining electric quantity value of the
battery, an SOH is a current health state value of the battery,
and an SOP is estimated power of the battery; the function
of switch control comprises control over a charge-discharge
relay or a metal-oxide-semiconductor (MOS) field-effect
transistor, and a heating relay; the function of energy man-
agement comprises battery charge-discharge control man-
agement and balance functions; the function of battery
safety protection comprises battery fault diagnosis and pro-
cessing and loop interlock function detection; the function of
CAN communication management comprises CAN commu-
nication, diagnosis, calibration and program update of the
electric mower; and the function of charge management
comprises communication between and monitoring of a
charging process between the battery and a charger.

4. The CAN-bus-based electrical control system for an
electric mower according to claim 1, wherein the instrument
display module comprises functions of CAN communica-
tion management, central information processing, fault
alarming and information display, the instrument display
module analyzes and displays key information of the electric
mower, first, CAN bus information is collected and analyzed
by a function of high-speed CAN communication manage-
ment, valid information is analyzed and amplified according
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to CAN protocol provisions and then transmitted to a
microcontroller unit, and after central information analysis,
an instrument display screen is driven to display information
of'an accumulated mileage, an electric quantity, a fault code,
a braking state, a driving speed state, and a mowing speed
state, and at the same time, voice alarming is driven in real
time according to logic determination.

5. The CAN-bus-based electrical control system for an
electric mower according to claim 4, wherein the function of
CAN communication management is to collect the CAN bus
information, analyze and amplify the CAN bus information
and transmit the CAN bus information to the microcontroller
unit; the function of central information processing is con-
figured to analyze a signal and drive the instrument display
screen and voice alarming; and the information display is to
display CAN bus analysis information by a display screen
module, and displayed information comprises the accumu-
lated mileage, the electric quantity, the fault code, the
braking state, the driving speed state, and the mowing speed
state.

6. The CAN-bus-based electrical control system for an
electric mower according to claim 1, wherein the traveling
control module comprises a left traveling control sub-mod-
ule and a right traveling control sub-module, and the two
traveling control sub-modules respectively control operation
of two motors to achieve traveling and differential steering
of the electric mower.

7. The CAN-bus-based electrical control system for an
electric mower according to claim 1, wherein the mowing
control module comprises a left mowing control sub-module
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and a right mowing control sub-module, and the two mow-
ing control sub-modules respectively control driving of two
mowing motors to implement an output function of the
electric mower and a tool.

8. The CAN-bus-based electrical control system for an
electric mower according to claim 6, wherein each of the
traveling control sub-modules comprises functions of power
source conversion, signal collection, CAN communication
management, motor control, motor enable management and
fault monitoring analysis, wherein the function of power
source conversion comprises converting a high-voltage
direct-current power source into a low-voltage direct-current
power source for internal use by the traveling control
module and external output, and maintaining a stable and
reliable voltage output; the function of signal collection
comprises collection and conversion of signals from the
motor Hall position sensor, the seat sensor, the control
handle sensor, and the enable switch; the function of CAN
communication management is configured for traveling con-
trol and comprises functions of CAN communication, diag-
nosis, calibration, and program update of the electric mower
and electric mower state message interaction for the motor
control; the function of motor control comprises motor
phase change control, and speed loop and current loop
closed-loop control; the function of motor enable manage-
ment is to determine a safety condition of motor driving by
a safety analysis control module; and the function of fault
monitoring analysis is a fault monitoring analysis function.
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